Background THA is a concern in juvenile idiopathic arthritis (JIA) owing to patients' youth, poor bone stock, and small physical size. Questions/purposes We asked whether (1) uncemented alumina-on-alumina THAs have good clinical and radiographic results at midterm followup in young patients with inflammatory arthritis and end-stage hip disease secondary to JIA, and (2) the anatomic center of rotation of the hip could be reconstructed in patients with acetabular protrusion. We also assessed the rate of surgical complications.
Introduction
JIA is one of the most disabling diseases of children 16 years old and younger [23, 33, 37] . Hip arthritis causes severe destructive joint changes with functional impairment and severe pain in as many as 10% of these young adults [17, 23] . Nonoperative treatment with physical therapy, antiinflammatory medication, corticosteroid therapy, and new immunomodulatory drugs provides acceptable results, but eventually the end-stage hip arthritis may require surgical treatment [3, 37] . THA is one of the most successful orthopaedic procedures and has been associated with good long-term outcomes, even in young patients with inflammatory arthritis and end-stage hip disease; substantial pain relief and improved ROM, function, and quality of life have been reported [4, 5, 16, 23, 33, 38] . The results of THA reported by many authors for these patients implicate acetabular cup loosening as the major cause of revision [4, 8, 17, 19, 23, 33, 42, 43, 45] . It is known that polyethylene wear causes osteolysis and loosening and its consequences are the limiting factors for THA in younger patients [12] . Although patients with JIA are less active, they are young and it would seem reasonable to test alternative bearing surfaces in this population. The tribologic properties of alumina-on-alumina bearings such as scratch resistance and wettability of the material, and its wear properties are particularly desirable for implants in a young and active population. Although good results have been published with alumina-on-alumina THAs in young people, there are few published with this couple for patients with JIA [3, 15, 32] .
Acetabular protrusion, which is a frequent condition in rheumatoid arthritis and other bone deformities, usually requires complex reconstructive techniques that increase surgical difficulties and might affect the survival of the THA in patients with JIA. Different studies report the necessity of restoring the acetabular anatomy and anatomic center of hip rotation to obtain stable fixation of the prosthetic components [1, 34, 44] .
In a multicenter study [15] , we observed that patients with JIA had several special anatomic characteristics, such as acetabular protrusion, so we decided to analyze these patients in a new study.
We asked whether (1) uncemented alumina-on-alumina THAs have good clinical and radiographic results at midterm followup in young patients with inflammatory arthritis and end-stage hip disease secondary to JIA, and (2) the anatomic center of rotation of the hip can be reconstructed in patients with acetabular protrusion. Additionally, we assessed the rate of surgical complications in these patients.
Patients and Methods
We retrospectively reviewed 31 consecutive alumina-onalumina THAs in 21 patients with JIA recruited prospectively over 4 years (March 1999 to May 2003) ( Table 1) . No patients were excluded from the followup study. There were 12 females and nine males. Their mean age at the time of surgery was 30.9 years (range, 14-48 years) and their mean weight was 61.0 kg (range, 42-82 kg). The minimum followup until the time of revision of any component or the latest evaluation was 16 months (mean, 72 months; range, 16-108 months). For patients without revision surgery, the minimum followup was 5 years. Preoperative activity level was classified according to Devane et al. [7] , who classified activity at five levels from sedentary (Level 1) to very active for those who can participate in sports or perform strenuous manual labor (Level 5). Three patients were Level 1, three were Level 2, two were Level 3, 13 were Level 4, and none were Level 5. Acetabular protrusion, when present, was graded according to the criteria of Sotelo-Garza and Charnley [39] , which uses the rim of the pelvis, taken as a projection of the upper margin of the pubic ramus, as a reference, and grades protrusion as follows: I, mild with the hips displaced from 1 to 5 mm; II, moderate with the hips displaced from 6 to 15 mm; and III, severe with the hips displaced more than 15 mm. Seventeen hips had mild acetabular protrusion (Group 1) and 14 had moderate-severe acetabular protrusion (Group 2). Oral and written informed consent was obtained from all patients, and patients were informed before surgery that they might receive a new biomaterial without well-known results (alumina-onalumina).
Preoperative medical status and immunosuppressive drugs were managed by a rheumatologist in preparation for surgery. A posterolateral approach was used in all hips. In hips with moderate-severe acetabular protrusion, a bone autograft taken from the femoral head was used to reconstruct the medial wall and anatomic center of rotation of the hip before implanting the metallic shell. The metallic shell was implanted after line-to-line reaming. A total of 24 (77.4%) 32-mm and seven (22.6%) 28-mm Al 2 O 3 femoral heads were implanted with three neck lengths ( Table 2) . Cup diameters less than 50 mm require a 28-mm femoral head. The minimum ceramic liner thicknesses are 4.2 mm for 46-mm (28-mm femoral head) and 50-mm (32-mm femoral head) shells and 6.2 mm for 48-mm (28-mm femoral head) and 52-mm (32-mm femoral head) shells. The mean acetabular cup diameter was 51.3 mm (range, 46-60 mm; median, 52 mm), the mean femoral stem width was 8.7 mm (range, 7-14 mm; median, 9 mm), and the mean head diameter was 31.2 mm (range, 28-32 mm; median, 32 mm). Screw use was determined according to the primary stability of the cup. Supplementary screw cup fixation was necessary in 17 cups.
A Cerafit-Triradius press-fit cup (Ceraver-Osteal, Roissy, France), consisting of a fully hydroxyapatite (HA)-coated TiAl 6 V 4 rough shell with optional screws fitted with an Al 2 O 3 liner, was implanted in every hip. The liner is inserted using a Morse taper shape with an angle of 5°40 0 , so as to achieve better fixation and decrease the risk of liner dislocation. The cup was paired to an uncemented Multicone stem (Ceraver-Osteal), a fully HA-coated tapered straight stem that has a rectangular geometry and is made of TiAl 6 V 4 . Characteristics of this alumina are 99.8% purity, 3.98 density, 2-lm grain size, and hot isostatically pressed (HIPed) in all patients. The HA coating was applied by plasma spray according to the manufacturer's specifications, had a relative crystallinity of 37%, thickness of 80 ± 20 lm, bond shear strength of 15/25 MPa, and mean roughness of 3 lm. The arithmetic rugosity Ra beneath the HA was 3 to 4 lm for the stem and shell surface finish. Alumina heads were used in all cases.
After surgery, the patients were partially weightbearing for 6 to 8 weeks. The patients received long-term immunosuppressive medications, which had to be discontinued 6 weeks before surgery until 6 weeks afterward. Routine antibiotic prophylaxis consisted of one preoperative dose of 2 g cefazolin intravenously or 1 g vancomycin intravenously in patients with allergy to penicillin and continued for 48 hours after surgery. All patients received thromboembolic prophylaxis consisting of low-molecular-weight heparin subcutaneously beginning the night before surgery and continued for 6 weeks.
Clinical evaluation assessed pain, function, and motion according to the Merle D'Aubigné and Postel scale (range, 1-6) at every followup: 6 weeks, 12 weeks, 6 months, 1 year, and annually thereafter [30] . Levels 5 and 6 were considered a good clinical result and Levels 4 and lower a poor result.
Standard AP and lateral radiographs of the pelvis were obtained for all patients immediately after surgery, at 6 and 12 months, and annually thereafter. All postoperative and followup radiographs were made at our institution according to the same protocol. The patient was positioned supine, with the feet together. The x-ray tube was positioned over the symphysis pubis, 1 m from and perpendicular to the table. Variations in magnification were corrected using the 32-mm head of the femoral component as an internal reference. Patients' radiographs were assessed and compared by the same observer, who had not been involved in the surgery (ACP). Cup position was assessed by determining the abduction acetabular angle, the vertical distance measured from the center of the femoral head to the ipsilateral teardrop, and the horizontal distance of the cup, measured from the center of the femoral head to the Köhler line [18, 29] . Acetabular reconstruction was evaluated according to the criteria of Ranawat et al. [13, 25, 35] (Fig. 1 ). Any radiolucent gap on the initial postoperative radiograph and radiolucent lines and osteolysis at the acetabular bone-prosthesis interface that developed in the subsequent radiographs were recorded in the three DeLee and Charnley zones [6] . Migration of the cup was defined when there had been a change greater than 5°in the abduction acetabular angle or more than 3 mm in either the vertical distance or the horizontal distance of the cup. Radiographic cup loosening was defined based on the signs described by Moore et al. [31] . Linear femoral head penetration was recorded according to the method of Kim et al. [20, 22] using scanned digitized radiographs and analyzed with a software package (AutoCAD 1 2000; AutoDesk Inc, Sausalito, CA, USA). The 6-week postoperative radiograph was used as initial reference for subsequent measurements. Position of the stem was determined as neutral, valgus (lateral deviation of 3 mm or more), or varus (medial deviation of 3 mm or more) [21] . Femoral canal filling was measured as the ratio of stem width to intramedullary canal width and was measured at three levels: Level A, upper border of the lesser trochanter; Level B, middle of the stem; and Level C, 1 cm proximal to the tip [21] . Radiographic femoral component fixation was graded using the criteria for porous prostheses described by Engh et al. [9] [10] [11] .
Qualitative data (ie, cup diameter, stem diameter, femoral head size) are expressed as counts and quantitative data as a mean ± SD. Analysis of the reconstruction of the anatomic center of the hips considered the horizontal distance, vertical distance, and approximate center of the femoral head (AFHC)-center of the prosthetic femoral head (CPFH) distance in each group and then between groups. Preoperative and postoperative changes in the horizontal distance, vertical distance, and/or AFHC-CPFH distance were compared between the two groups using two-way repeated-measures ANOVA factoring for patients with and without acetabular protrusion. Preoperative and postoperative changes in pain, function, and motion scores were tested using the Wilcoxon test for paired dates. Statistical analysis was performed using statistical package SAS 1 9.1 (SAS Institute Inc, Cary, NC, USA).
Results
The postoperative Merle D'Aubigné and Postel scores were improved compared with preoperative scores (p \ 0.0001). The mean preoperative scores were 1.9 for pain, 2.2 for function, and 2.1 for ROM ( Table 1 ). The mean scores improved at latest followup to 5.9 for pain, 5.8 for function, and 5.7 for ROM ( Table 2 ; Fig. 2 ). Slight pain (Level 5) was present in only three hips. One cup was revised owing to aseptic loosening at 16 months after surgery; this cup was implanted with a 75°abduction acetabular angle (Patient 19) and insufficient initial press fit. The cup was revised to a new Cerafit cup with screws with a good result at 3 years. Immediately after surgery, the mean acetabular Postoperatively, there were 29 stems in neutral position, two in varus position, and none in valgus position. Femoral canal filling was 83.27% (range, 60%-98%) at Level A, 89.07% (range, 64%-100%) at Level B, and 83.31% (range, 60%-100%) at Level C. All stems were radiographically osseointegrated and no stem revision in the followup study has occurred in this series ( Fig. 3) . We compared hips with mild acetabular protrusion (Group 1) and those with moderate-severe acetabular protrusion (Group 2) reconstructed using bone autograft. The horizontal and vertical distances from the center of the femoral head to the reference points improved after surgery in both groups (Table 3 ). In hips with moderate-severe acetabular protrusion, the preoperative horizontal distance increased (p \ 0.001) after surgery. This distance was different (p \ 0.01) preoperatively between Group 1 and Group 2 but was similar postoperatively (Fig. 4) . The vertical distance decreased (p = 0.002) in both groups between the preoperative and the immediate postoperative radiograph (Fig. 5) . The distance between the CPFH and the AFHC also improved (decreased) (p \ 0.01) after surgery in hips with moderate-severe acetabular protrusion (Group 2) ( Fig. 6) ; we found differences between both groups preoperatively but we did not observe the differences on the immediate postoperative radiographs.
There were two intraoperative femoral fractures. One fracture in a patient with a narrow medullary canal was treated with open reduction and cable fixation. Another patient had an intraoperative calcar fracture observed on the postoperative radiograph. Neither of these fractures required femoral revision and no radiographic loosening was observed. During the postoperative period, an 18-year-old female patient had a transient peroneal paralysis and adduction contracture requiring tenotomy release ( Table 2) . Values are expressed as mean ± SD; * two-way repeated-measures ANOVA; AP = acetabular protrusion; AFHC = approximate center of femoral head; CPFH = center of prosthetic femoral head; NS = not significant.
Discussion
Despite improvements in medical treatment for JIA, progressive joint destruction with serious functional disability and incapacitating pain might make these patients candidates for THA. The frequent existence of anatomic abnormalities and acetabular protrusion in patients with JIA is the main cause for the need for different complex reconstructive techniques and increases surgical difficulty. Polyethylene wear resulting in osteolysis and loosening can limit the use of THA in young patients and has motivated the development of alternative bearing surfaces such as alumina-on-alumina couples. We therefore determined whether (1) uncemented alumina-on-alumina THAs have good clinical and radiographic results at midterm followup in young patients with inflammatory arthritis and end-stage hip disease secondary to JIA and (2) the anatomic center of rotation of the hip could be reconstructed in patients with acetabular protrusion. We also assessed the rate of surgical complications in these patients.
Our study has limitations. First, the series is small and the followup is short, but this disease has a low incidence (7-20 cases per 100,000 children at risk per year) and not all have hip arthritis severe enough to require THA. Second, we lacked a control group of patients of similar age and different etiology who were operated on with the same techniques that would allow us to evaluate whether the diagnosis had any influence on the result. Third, we do not know whether the same result could be obtained using another couple and another implant.
Different series have found high rates of aseptic loosening of cemented THA for JIA [4, 23, 25, 28, 40] , but other series have had excellent results [24, 26, 36, 42, 43] ( Table 4 ). In a midterm followup study, Ruddlesdin et al. [36] reviewed the results of 75 cemented hip arthroplasties in 42 patients; only one hip required revision. In the series of Lachiewicz et al. [24] , also at midterm, although two hips were revised, 26% of the acetabular and 8% of femoral components showed radiolucencies and migration. Good results with cementless THA for JIA also have been reported [19, 23, 27] . Odent et al. [33] reported a survival rate of 100% for the femoral component and 90.1% for the acetabular component at 13 years. Our data confirm that alumina-on-alumina THA achieves good clinical results and a low rate of loosening in these patients. At latest followup, the Merle D'Aubigne-Postel scores for pain, function, and ROM were good, allowing our patients to lead a normal life. This outcome was probably attributable to their low activity level compared with the activity level [4, 19, 32] . Only one cup was revised owing to aseptic loosening 17 months after the surgery, a very low rate compared with reported rates [4, 19, 41, 42] . In this case, loosening was attributable to a technical error and poor primary fixation. With cementless cups, Kitsoulis et al. [23] reported only two cup revisions, one at 9 years and another at 12 years after surgery, and Odent et al. [33] also reported two acetabular failures owing to poor primary fixation. Others have documented a high rate of acetabular failure even after short-term followup [8, 41] . A high THA survival rate is necessary for young people given their life expectancy. Polyethylene wear resulting in osteolysis and loosening is a concern in young patients making an alumina-on-alumina THA an option in this population [14, 32] . Most hips with JIA require small implants [17] . The use of an acetabular component with a smaller outer diameter necessitates the use of a thinner polyethylene articular surface. In the series of 82 patients reported by Katsimihas et al. [19] , there were five revisions for polyethylene cup wear at 9.1 years. The theoretical advantages of alumina-on-alumina bearings are related to tribologic properties such as the scratch resistance and wettability of the material, and its wear properties are particularly desirable for implants in a young and active population.
There is a case report involving a 13-year-old girl with bilateral end-stage JIA using an alumina ceramic-onalumina ceramic bearing [2] ; at 7 and 8 years after THA, the patient has no pain and no limp and is able to walk long distances without difficulty. Radiographs show no signs of implant loosening, osteolysis, or wear of the bearing surface [2] . In our series, we have not observed any complication related to the use of alumina, such as fractures or noises. Good midterm and short-term results with this implant have been reported for other populations and even for young patients [14, 15, 32] . We have not detected femoral head penetration in any hip. The major technical problem encountered in the performance of THA for JIA is reconstruction of the acetabulum. Many patients have a dysplastic acetabulum and acetabular protrusion is a common condition affecting 14 patients in our series. The location of the center of rotation of the hip affects the weightbearing loading of the hip, so a higher and more medial position will result in greater loads; this is an important factor in loosening [44] . Good results have been recorded after reconstruction with bone graft in patients with acetabular protrusion [29, 38] . In our patients, the use of femoral head bone as autograft in the acetabulum increased the horizontal distance after surgery and reduced the distance from the CPFH to AFHC, improving the anatomic center of rotation of the hip, according to Ranawat et al. [35] . As acetabular protrusion is a frequent condition in patients with JIA, it is important to keep in mind during preoperative planning and we believe that the acetabulum must be reconstructed to achieve long survival of the THA.
We also noted four (12.9%) complications (two intraoperative femoral fractures, one peroneal paralysis, one adduction contracture), all of which resolved with treatment. Various complication rates have been reported [3, 19, 23, 43] . Only Odent et al. [33] reported two sciatic palsies and one femoral nerve palsy; the femoral nerve palsy occurred after reduction of a 60°-flexion contracture and the two sciatic nerve palsies occurred after implanting the acetabular cup from a superior position to an anatomic position in association with a hip flexion contracture. The nerve palsies recovered spontaneously within 3 months. They also reported an undisplaced femoral shaft fracture occurred during implantation of the stem [33] .
Patients with JIA and with advanced hip disease represent a unique population with a need for extremely longterm survivorship of prosthetic reconstructions. The goal of surgical treatment in this patient population is to provide a long-term solution with pain relief and restoration of function. With proper surgical technique and adequate preoperative planning, complications in these patients can be minimized; and although THA is technically more difficult, it provides good medium-term results. Bone grafts enable anatomic positioning of the cup in patients with acetabular protrusion, although a longer followup is necessary to confirm these results. Alumina-on-alumina THA is a good option for patients with JIA. Prospective, multicenter clinical trials to establish large patient cohorts should be considered to investigate THAs in this population.
